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ASSTRACT 

A s  reported i n  IJER U243540 and UER lJ211+047 on September 8, 1066 
F i l t e r  't'ousine: Assembly, 60!3831.04-i, Se r i a l  60 was discovered 
leaking from a defec t  i n  t h e  s i d e  of t h e  housing. 
is 7075-T6 aluminum a l loy -  and i s  manufactured by Hydraulics 
Research and Yanufacturing Company. Examination of t h e  f r a c t u r e  
pa t t e rn  and mater ia l  microstructure l ed  to t he  conclusion t h a t  
f a i l u r e  was by s t r e s s  corrosion cracking. Future f a i l u r e s  of 
the  p a r t  by stress corrosion cracking can be avoided by heat 
t r e a t i n g  t h e  housing t o  a T73 temper . 

The housing 
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5.1  

BU!#N' 

OPJECT 

NO. 

PAGE 1 
T 5-6 53 5-80 

The objec t  of t h i s  study was  t o  determine t h e  cause of f a i l u r e  
of F i l t e r  Housing Assembly, 60R831.04-1 serial number 69. 

As reported i n  Unplanned Event Records 11343510 and U214047 on 
September 8 ,  1066 t h e  housing of F i l t e r  b u s i n g  Assembl-y, 
6OR83104-1 serial number 60 was discovered leaking. Penetrant 
inspection revealed a crack about 7/8 inch lona i n  t h e  housinF: 
adjacent t o  t h e  boss which contains t h e  pressure sensing po r t s .  
Analysis was requested i n  AAR 243590-1, dated October 6, 1966. 

This assembly is  manufactured by Hydraulics Research and Manufact- 
u r ing  Company, Burbank, Cal i forn ia .  The housinf! is machined from 
a 7075 aluminum a l l o y  forged rec tangular  block, procured pe r  
607332043. The housin8 was machined t o  within 0.125 inch of f i n a l  
dimensions and given a f i n a l  heat treatment cons is t ing  of solu- 
t i on ing  and aging t o  t h e  T6 temper. 

The assembly w a s  i n s t a l l e d  on t h e  504 vehicle.  Except f o r  accept- 
ance t e s t i n g ,  t h e  assembly had seen no use. The vendor reported 
no unusual happenings during manufacture which would account f o r  
a premature f a i l u r e  of t h e  housing. 

CONCLUSION ---. - 
It is concluded t h a t  a crack developed and progressed from t h e  
i n s i d e  of t h e  f i l t e r  cav i ty  t o  t h e  outs ide  of t h e  f i l t e r  housing 
by stress corrosion cracking. Fa i lu re  was p rec ip i t a t ed  by re- 
s i d u a l  stresses developed during hea t  t r e a t i n g  of t h e  housing. 

RECOMMENDATIOE 

It i s  recommended t h a t  t h e  housing of t h e  F i l t e r  Housing Assembly, 
hORR3204-1 be heat t r e a t e d  t o  a f i n a l  temper of T73, as long as 
s t r eng th  requirements a r e  m e t .  
temper increases  t h e  minimum stress corrosion threshold from 
7,000 p s i  t o  Ereater than 48,000 ps i .  Residual stresses due t o  
heat t r e a t i n g  are not expected t o  exceed t h e  minimum T73 s t r e s s  
corrosion threshold.  

The change from T6 temper t o  T73 

PROCEDURES AND RESULTS - 
To determine t h e  cause of cracking tests cons is ted  of v i sua l  exam- 
i n a t i o n ,  penetrant inspection, fractography, microscopic examination, 
hardness t e s t i n g ,  conductivity tests, chemical ana lys i s  and residual 
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5.1  (Continued ) 

stress measurements. 

5.2  

5.3 

Upon rece ip t  of t h e  F i l t e r  Housing Assemb1.y a t  t h e  M and P 
Laboratory t h e  housing was v i s u a l l y  examined t o  determine t h e  
poss ib le  a reas  of f a i l u r e .  
i on  was made on a l l  e x t e r i o r  and i n t e r i o r  surfaces i n  accord- 
ance w i t h  60R32002 t o  determine t h e  extent of cracking. 
housing was then sectioned t o  expose t h e  crack found during 
inspection. 
i n  t h e  reeion believed t o  be t h e  i n i t i a l  region of crack formation. 
Di f fe ren t  types of  f r ac tu res  wi 1 1  exh ib i t  c h a r a c t e r i s t i c  f r a c t u r e  
faces ,  i nd ica t ing  t h e  poss ib le  cause of f a i l u r e .  Two micro- 
specimens were prepared, one r a d i a l  and one longitudinal.  Viewing 
these  specimens under high magnification determines t h e  f r a c t u r e  
mode along w i t h  any anomalies which might exist i n  t h e  g ra in  s t r u c -  
t u re  of t h e  mater ia l .  A hardness t r a v e r s e  w a s  taken on t h e  radial 
microspecimen. These measurments i n d i c a t e  t h e  uniformity of hard- 
ness t h r o q h  t h e  c ros s  sec t ion  of t h e  p a r t .  
with a conductivity measurement gives t h e  heat treatment temper 
of t h e  a l loy .  Fardness readings were taken on a Tukon Hardness 
Tester using a 500 gram load and a h o o p  indenter ,  and on a X l s n n  
Rockwell Hardness Tester using t h e  R sca7.e. Conductivity was  
determined usinq t h e  p r inc ip l e  of eddy cu r ren t s  t o  measure t h e  
e l e c t r i c a l  conductivity of nonmagnetic a'-loys. 
was submitted t o  t h e  Qua l i ty  Control Laboratory f o r  a spectroscopic 
chemical analysis. Another sample was  s e n t t o t h e U t e r i a l s  and Process- 
es Group i n  S e a t t l e  f o r  res idua l  stress measarements on t h e  interior 
and e x t e r i o r  sur faces  of t h e  housing adjacent t o  t h e  fa i led  a rea .  
These values should give some measure of t h e  residual stresses in- 
duced by heat treatment. 

A f luorescent  dye penetrant inspect-  

The 

A por t ion  of t h e  f r a c t u r e  f ace  was then examined 

Hardness combined 

A sample of material 

Visual examination of the  housing found t h e  only defec t  t o  be t h e  
7/8 inch long crack on t h e  e x t e r i o r  su r face ,  along with t h e  i n t e r i o r  
pro jec t ion  of t h e  crack which was about 2 inches long. Penetrant 
inspec t ion  reveal-ed t h e  only de fec t  t o  be t h a t  found by v i s u a l  
inspection. The loca t ion  of t h e  defec t  i s  indicated i n  view A 
of f i g u r e  1. 
Figure 3 shows t h e  e x t e r i o r  su r face  a t  t h e  crack loca t ion .  
noted t h a t  t h e  crack i s  not continuous. Figure 4 shows t h e  i n t e r i o r  
sur face  a t  t h e  crack loca t ion .  It can be seen t h a t  t h e  f a i l u r e  
is a series of cracks a l l  running lona i tud ina l ly .  

Figure 2 shows t h e  r e s u l t s  of penetrant, inspec t ion .  
It i s  

Figure 5 is  a fractograph of a por t ion  of one of t h e  cracks.  
i n i t i a t i o n  poin t  of t h i s  c rack ,  on t h e  i n t e r i o r  su r face  of t h e  
housine: is  indica ted  i n  f i g u r e  5. 

The 

The f r a c t u r e  f a c e  has  a granular  

U I Q I . l ( o  



5.3 I (Continued ) 

exfo l ia ted  appearance. 
was cut out t h e  remaining cracks closed. This i nd ica t e s  t h a t  
t h e r e  was a t e n s i l e  residual stress i n  t h e  p a r t  normal t o  t h e  
plane of f r ac tu re .  The appearance of t h e  f r a c t u r e  i n d i c a t e s  t h a t  
f a i l u r e  progressed from t h e  i n t e r i o r  of t h e  housing r a d i a l l y  out- 
ward. 

It w a s  noted t h a t  when t h i s  specimen 

Similar results were obtained from t h e  examination of both r a d i a l  
and longi tudia l  microspecimens. Figure t shows t h e  radial micro- 
specimen unetched, while f i g u r e  9 shows t h e  unetched longi tudina l  
microspecimen. The microstructure is typ ica l  of an aluminum a l l o y  
hand forged block not having a g rea t  deal of prework. 
evidenced by t h e  f a i l u r e  of some gra ins  t o  r e c r y s t a l l i z e  and t h e  
presence of s t r i n g e r s  of agglomerated p a r t i c l e s  of secondary 
phases. However, t h i s  i s  not considered unusual f o r  l a rge  hand 
forged blocks. Figures 7 and 8 show t h e  f a i l u r e  i n  a r a d i a l  sect -  
ion. This i s  t h e  s h o r t  t r ansve r se  - longi tudina l  gra in  d i r e c t i o n  
plane. Figure 10 shows the f a i lu re  i n  a longitudinal section. 
This is t h e  'long t ransverse  - longitudina7 g ra in  d i r e c t i o n  plane. 
Cracking is noted t o  be i n t e rg ranu la r  and branching i n  a plane 
normal t o  t h e  s h o r t  t ransverse  g ra in  d i r ec t ion .  Y4croscopic 
study revealed a network of cracks and subcra-ks which comprise 
t h e  f a i l u r e .  The f a i l u r e  p a t t e r n  observed i s  c h a r a c t e r i s t i c  of 
stress corroaion crackincr. 

This i s  

Hardness w a s  found t o  be r e l a t i v e l y  uniform ac ross  t h e  th ickness  
of t h e  p a r t .  
t h e  average of six Rockwel-l r ead inm was 81 on t h e  R scale. Cond- 
u c t i v i t y  was measured a t  32.56  IACS. 
confirmed t h e  a l loy t o  be 7075. while hardness and conductivity 
confirmed t h e  temper to be T6, although t h e  harciness readings 
were s l i g h t l y  below those expected f o r  Tb. 
m e n t s  found an internal  sur face  compressive stress of 8,000 p s i  
c i rcumferent ia l ly :  and an external compressive stress of 15,000 
psi c i rcumferent ia l ly .  
of about - + 5,000 p s i .  

The average of s ix  Knoop readings vas 160, while 

Spectroscopic ana lys i s  

Residual stress measure- 

These values were obtained w i t h  an accuracy 

The variance i n  residual s t r e s s e s  i s  caused by d i f f e r e n t i a l  coolinp 
during quenching. The f i l t e r  cav i ty  received i n s u f f i c i e n t  cooling 
f l u i d  t o  reduce t h e  temperature a t  t h e  i n s i d e  su r face  as r ap id ly  
as the ou t s ide  surface.  The geometry of t h e  housing at t h e  region 
of f a i l u r e  contributed t o  t e n s i l e  stresses on t h e  in t c rna l  su r f ace  
of t h e  f i l t e r  cav i ty .  The r e s u l t s  of t h e  res idua l  s t r e s s  measure- 
ments i nd ica t e s  stresses were re l ieved  by sec t ion ing ,  s ince  t h e  
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stresses found were not  of g rea t  enough magnitude t o  cause 
f a i  hi-e. 

The cause of f a i l u r e  i s  a t t r i b u t e d  t o  stress corrosion cracking, 
i n i t i a t i n g  on t h e  inside sur face  of t h e  f i l t e r  cav i ty  and progressing 
radially outward. The conclusion i s  drawn from t h e  following reasons: 

I' 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Diecontinuous na ture  of cracking. 

Granular appearance of f r a c t u r e  face.  

Intergranular  mode of f a i l u r e .  

Branching network of cracks. 

Grain or ien ta t ion .  

Rsaidual s t r e s s e s  noted i n  p a r t .  

Suscep t ib i l i t y  of 7075-T6 aluminum a l l o y  t o  stress corrosion 
cracking. 

Delayed nature  of f a i lu re .  

History of pa r t .  

Corrosive a t t a c k  can come from moisture entrapped during anodizing, 
Fa i lures  of t h i s  type have been reported by Rutemiller and Sprawls 
in "Stress  Corrosion O f  Aluminum - Where To Look For It, How To 
Prevent It". 
corrosion cracking, corrosive a t t ack  and sustained t e n s i l e  stress 
am present  i n  p a r t s  of t h i s  type. 
protection aCr;ainst s t r e s s  corrosion cracking. 

They report t h a t  t h e  two f a c t o r s  necessary f o r  stress 

Anodizing alone i s  not adequate 
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Figure 1 - Filter Housing 
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